SYSTEM AND METHOD FOR SEPARATING IMMISCIBLE FLUIDS 



REFERENCE TO RELATED APPLICATIONS 
The subject Utility Patent Application is based on Provisional Patent 
Application #60/404,782, filed on 21 August 2002. 



BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The subject invention concept relates to both a system and method for 
separation of mixtures of fluids into the individual constituent fluids. In 
particular, the present invention directs itself to the separation of immiscible 
fluid compositions. 

Still further, the invention directs itself to a system and method for 
separating a mixture of two immiscible fluids where the mixture of two 
immiscible fluids is separated into their constituent compositions. The subject 
invention relates to the separation of a mixture of a first and second immiscible 
fluid through use of a third immiscible fluid having predetermined density. 

Further, the subject invention directs itself to the use of a separation 
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medium or composition having a density which is less than the density of one of 
the fluids being separated and greater than the density of the other of the fluids 
being separated. 

Still further, the invention concept directs itself to the charging of a 
container for the receipt of a mixture of a pair of immiscible fluids. Still further, 
the subject invention relates to a charging of a hollow vessel containing a 
quantity of a separation medium or composition having a density which is 
greater than the density of a first fluid in the mixture and less than the density of 
a second fluid in the mixture. In this manner utilizing gravity assist, the second 
fluid in the mixture separates from the mixture and settles out of the mixture to 
settle in the container below the separation medium while the first fluid in the 
mixture separates from the mixture and rises above the separation medium. 

More in particular, the invention directs itself to a system for separation of 
fluids which includes a primary tube mounted within the container and extending 
in a vertical direction above a base plane. More in particular, this invention 
directs itself to a secondary tube which accepts a mixture of a first and second 
immiscible fluid for insert into the primary tube within the container. 

Additionally, the invention is directed to the concept of preventing 
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currents and turbulence in the separating medium from hindering the separation 
process through use of the enclosing primary and secondary tubes inserted within 
the container. 

Still further, this invention is directed to a system and method for 
separating a first and second immiscible fluid composition into substantially pure 
first fluids and second fluids wherein one of the fluids separated is removed from 
a container in a lower region thereof and the second fluid is removed from the 
container in an upper region thereof. 
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PRIOR ART 

Separation systems and processes for immiscible liquids are well-known 
in the art. In general, such prior art systems utilize a column or reservoir which 
receives a mixture of two immiscible liquids, and the liquid with the lowest 
density is allowed to naturally rise out of the liquid with the higher density. Such 
prior art systems typically only utilize the density difference between the two 
fluids to be separated. In the system and method of the present invention, 
however, a mixture of two immiscible fluids is injected into a third fluid or 
separation medium. The first fluid has a density less than the density of the 
separation medium and the second fluid has a density greater than the density of 
the separation medium. Thus, the first fluid rises out and separates from the 
separation medium and the second fluid settles out and sinks below the 
separation medium. This allows for a uniform separation process, ensuring 
optimal purity of the separated fluids. Additionally, the system of the present 
invention provides a primary tube received within the main hollow vessel, with 
the separation process taking place within the primary tube. The walls of the 
tube block any turbulence or currents which may be formed within the separation 
medium, thus preventing fluidic hindrance to the separation process. 
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One such prior art separation system is shown in "Practical Approaches to 
Green Solvents", Joseph M. DeSimone, Science Vol. 297, pgs. 799-803. The 
system for solvent extraction takes advantage of the immiscibility of the two 
fluids in the mixture and allows for the higher density fluid to settle out of the 
lower density fluid. The system does not include a separate separation medium, 
nor does it include a tube positioned within the main vessel for preventing 
currents and turbulence from interfering with the separation process. 

Another such prior art separation system is shown in U.S. Patent 
#5,304,303. This reference is directed to an apparatus and method for the 
separation of immiscible fluids. The system utilizes a main chamber for 
receiving a mixture of oil and water. The oil and water separate on their own 
based on their respective differences in density and the system does not include a 
separate separation medium. Additionally, the system does not provide a tube 
located within the separation chamber for preventing turbulence and currents 
within the mixture from interfering with separation. 

U.S. Patent #5,464,529 is directed to an apparatus and method for the 
separation of liquids. The system provides for the separation of water and oil, 
however, the system takes advantage of only the difference in specific gravities 

5 



between the oil and water, it does not include a separate separation medium. 
Additionally, the system does not include a primary tube structure located within 
the separation chamber for preventing currents and turbulence in the mixture 
from interfering with the separation process. 

None of the prior art provides for a combination of elements forming a 
system for the separation of immiscible fluids where a separate separation 
medium is utilized, with the separation medium having a density which is greater 
than the density of the first fluid in the mixture and the density which is less than 
the density of the second fluid in the mixture. Additionally, none of the prior art 
includes a primary tube structure located within the hollow separation vessel for 
preventing currents and turbulence in the separation medium from interfering 
with and hindering the separation process. 
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SUMMARY OF THE INVENTION 
The present invention provides for a method and system for the separation 
of immiscible fluids. The system includes a hollow vessel for receiving a 
mixture of a first fluid and a second fluid, the first and second fluid being 
immiscible with respect to one another and having different densities. The 
hollow vessel also receives a quantity of a separation fluid with the separation 
fluid having a density which is greater than the density of the first fluid of the 
mixture and less than the density of the second fluid of the mixture. The mixture 
of the first and second fluids is injected into the separation medium and the first 
fluid rises out of the mixture and the separation medium and the second fluid 
settles out of the mixture and separation medium. The separation process takes 
place within the interior of a primary tube structure which is located within the 
hollow vessel and prevents turbulence and currents within the separation 
medium from interfering with and hindering the separation process. Once 
separated, the first and second fluids may be separately drained from the hollow 
vessel. 

It is a principal objective of the subject system and method for the 
separation of immiscible fluids to provide a hollow vessel for receiving a 

7 



mixture of first and second fluids, with the first and second fluids being 
immiscible with respect to one another and having differing densities from one 
another. 

It is a further objective of the subject system and method for separating 
immiscible fluids to provide a separation medium which is received within the 
hollow vessel and has a density greater than the density of the first fluid of the 
mixture and a density which is less than the density of the second fluid of the 
mixture. 

It is a further objective of the subject invention to provide a primary tube 
structure which is received within the hollow vessel and receives the mixture of 
the first and second fluid, with the separation process taking place within the 
primary tube structure. 

It is an important objective of the present invention to provide drainage 
means for the separate removal of the first and second fluids after the two fluids 
have been separated from one another. 
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BRIEF DESCRIPTION OF THE DRAWING 
The Figure is a schematic view of the subject system for separating 
immiscible fluids. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring now to the Figure, there is shown system 10 for separating 
immiscible fluids. In general, three immiscible fluids are used in the subject 
system and method, however, additional immiscible fluids each with respect to 
the other may also be used in this system and method for separation. The 
important features of the immiscible fluids is that they have distinct and non- 
equal densities and that each is immiscible each with respect to the other. 

As shown in the Figure, container or hollow vessel 50 receives a mixture 
of first fluid 40 and second fluid 60 , each being immiscible with respect to the 
other and of different densities. Generally, first fluid 40 has a density which is 
less than the density of second fluid 60. The combination of first and second 
fluids 40 and 60 are charged into container 50 through fluid source 120 which 
may be a pipe or other type conduit. Container 50 extends above a base plane 12 
in vertical direction 14 as depicted by the directional arrows shown in the Figure. 
In this manner, as will be seen in following paragraphs, separation of liquids may 
be attained through gravity assist. Container 50 may be mounted directly on base 
plane 12 or otherwise fixed thereto above base plane 12, not important to the 
inventive concept as herein described with the exception that container 50 extend 
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in vertical direction 14 to permit gravity assist to aid in the separation process. 

The mixture of first and second fluids 40 and 60 is shown as mixture 20 
and although any immiscible fluids may be used, a common mixture 20 which 
has commercial applications is water having a density approximating lg per cm 3 
and an oil composition where the oil composition has a density less than lg/cm 3 . 

Initially, mixture 20 (including first fluid 40 and second fluid 60) is 
pumped through a conduit 120 and is charged into container 50. Mixture 20 
passes through conduit 120 and is inserted into pump 110, which may be a 
standard water pump commercially available. The water passing through pump 
1 10 is inserted into one-way valve or check valve 30 and then is inserted into 
secondary tube 130 extending through a base or floor element 16 of container 
50. Check valve 30 is a standard one-way valve which is commercially 
available. 

Mixture 20 of first fluid 40 and second fluid 60 is thus inserted into 
secondary tube 130 which passes through floor member 16 of container 15 and 
extends in vertical direction 14 and above first interface surface 18. First 
interface surface 1 8 is the interface between separation medium 70 and second 
fluid 60, as will be detailed in following paragraphs. 
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Secondary tube 30 has an internal diameter 20 which is of predetermined 
value and an external diameter 22 of predetermined value. Mixture 20 is forced 
through the passageway created by secondary tube 130 and is driven by pump 
110 into primary tube 80. 

Primary tube 80 is mounted within container 50 through struts 24 or some 
like positioning structural components not important to the inventive concept as 
herein defined, with the exception that primary tube 80 be maintained in a 
substantially stationary position within container 50. Primary tube 80 includes 
flow passage 26 which has an internal diameter 28 greater than the external 
diameter 22 of secondary tube 130. In this manner, secondary tube 130 is 
positioned substantially concentric with passageway 26 of primary tube 80 to 
permit an annulus space 30 to be formed therebetween as shown in the Figure. 

In this manner, mixture 20 is then forced through secondary tube 130 
internal to primary tube 80. Additionally, container or hollow vessel 50 is 
formed with an input opening 140 located in a lower section or end of container 
50. Additionally, a first fluid output opening 160 is formed through an upper 
end or section of container 50. Second fluid 60 is egressed from container 50 
through output opening 150 formed in a lower region or section of vessel 50 
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adjacent to the lower section. 

Water opening 150 is in fluid communication with standing column 100 
for passage of second fluid 60 therethrough. Second fluid 60 is removed from 
standing column 100 through exit opening 32. Thus, in this manner, as 
previously discussed, secondary tube 130 is received within input opening 140 of 
container 50 and projects into the interior of hollow vessel 50. Secondary tube 
130 extends internal to primary tube 80 and is received within the interior of 
primary tube 80. Primary tube 80 may generally be positioned central to the 
interior of the hollow vessel or container 50 as was previously described. 

Separation medium or separation composition 70, which is immiscible 
with respect to both the first fluid 40 and second fluid 60 has a density which is 
less than the density of second fluid 60 and greater than the density of first fluid 
40. In this manner, separation medium or composition 70 is maintained 
discretely from water 60 in the lower section of container 50 at first interface 
surface 18. Separation medium or composition 70 may be formed of a 
composition commercially referred to as Pure Silicon fluid lOOcs manufactured 
by Clearco Products Co., Inc. of Bensalem, PA., having a specific gravity of 
0.953. Other types of separation mediums 70 may be used with the important 
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consideration being that the separation medium be immiscible with respect to 
first and second fluids 40 and 60 and further have a density which is less than 
second fluid 60 and greater than first fluid 40. Use of separation medium 70 as 
previously described permits a uniformity in the separation of first fluid 40 from 
second fluid 60. This ensures optimal purity of resulting separated first fluid 40 
and second fluid 60 within the system as herein described. 

Mixture 20 enters primary tube 80 as previously described and is forced 
upward therethrough by the action of pump 110. Within primary tube 80 is the 
combination of separation medium or composition 70, first fluid 40 and second 
fluid 60. Second fluid 60 having a greater density than that of separation 
medium 70 (within primary tube 80) settles out of the overall mixture 20 and 
passes by gravity assist through annular opening 31. In a similar manner, first 
fluid 40, having a density less than the density of separation medium 70, rises 
within primary tube 80 and is expelled into upper region 120 being defined by 
second interface surface 21. In this manner, three separate regions namely upper 
region 120 consisting of substantially pure first fluid 40, second region 23 
consisting of the separation medium, and lower region 25 are formed in discrete 
layers with discrete separation surfaces. The upper end of primary tube 80 is 
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positionally located substantially adjacent interface surface 21 between 
immiscible first fluid 40 and separation medium 70. Similarly, a lower end of 
primary tube 80 is positionally located adjacent first interface surface 18 between 
immiscible separation fluid 70 and second fluid 60. 

The combination of secondary tube 130 and primary tube 80 provides for 
a barrier against any stray currents or turbulence formed within separation 
medium 70 which may act to slow down or hinder the separation process of first 
and second fluids 40 and 60. With secondary tube 130 being inserted partially 
within primary tube 80, the mixture of first and second fluids 40 and 60 is 
charged into primary tube 80, however, the sidewalls of primary tube 80 do not 
permit external currents and reduces any possible turbulence which may occur. 
In this manner, the settling or egressing of second fluid 60 from tube 80 is made 
in a substantially continuous manner. 

Separation medium 70 not only aids in the separation of fluids 40 and 60 
from mixture 20, but maintains a separation of the first fluid 40 from second 
fluid 60. Once separated, separation medium 70 provides an effective barrier 
between the fluids and prevents subsequent mixing of the fluids for ensuring 
optimal purity of individual fluids after separation. 
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Once first and second fluids 40, 60 have been separated, second fluid 60 
may be drained from hollow vessel 50 through second output opening 150 
through standing column 100 and output opening 32. As shown in the Figure, 
standing column 100 is in fluid communication with second output opening 150 
to drain second fluid 60. Similarly, first output opening 160 permits for drainage 
of first fluid 40 from region 120 through drainage pipe 90. 

The subject invention system includes a method for separation immiscible 
fluids such as first fluid 40 and second fluid 60. The steps for separating the 
immiscible fluids includes establishing a mixture of first and second fluids 40 
and 60. The first fluid 40 and second fluid 60 must be immiscible each with 
respect to the other and first fluid 40 must have a density less than the density of 
second fluid 60. 

A container or hollow vessel 50 is established where the container 50 
receives and holds a separation medium 70 with the separation medium 70 
having a density greater than the density of first fluid 40 and less than the density 
of second fluid 60. A mixture of first and second fluids 40 and 60 are charged 
into separation medium 70 contained within container 50 and second fluid 60 is 
settled or driven by gravity assist from separation medium 70. First fluid 40 then 
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rises in vertical direction 14 out of separation medium 70 due to the difference in 
the density and the immiscibility of the fluids each with respect to the other. 

Although this invention has been described in connection with specific 
forms and embodiments thereof, it will be appreciated that various modifications 
other than those discussed above may be resorted to without departing from the 
spirit or scope of the invention. For example, functionally equivalent elements 
may be substituted for those specifically shown and described, and in the method 
steps described, particular steps may be reversed or interposed, all without 
departing from the spirit or scope of the invention as defined in the appended 
Claims. 
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